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Scale worms in the family Polynoidae are common inhabitants of both shallow-water and deep-sea ecosystems, but their diversity in the deep-sea remains poorly known. In the West Pacific, only 10 polynoid species have been described from deep-sea chemosynthetic ecosystems including hydrothermal vents and methane seeps. Here, we described two new species of polynoids based on specimens collected from hydrothermal vents in the Okinawa Trough. Levensteiniella undomarginata sp. nov. is distinguished from other congeners by having elytra with a wave-shaped edge, and that males possess two pairs of nephridial papillae. Branchinotogluma elytropapillata sp. nov. differs from other congeners by having papillae on the elytral edge, and by having a single pair of nephridial papillae and five pairs of C-shaped lamellae in males. Furthermore, we redescribed Lepidonotopodium okinawae (Sui and Li, 2017) and Branchinotogluma japonicus Miura and Hashimoto, 1991, because the original description of the former species did not cover males and that of the latter did not cover females. Sequencing of the cytochrome oxidase I (COI) gene in these four species confirmed the sexual dimorphism in vent polynoids for the first time, and provided reliable barcoding sequences for identifying these polychaetes.
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INTRODUCTION

With more than 900 recognized species, Polynoidae is the largest family of Aphroditiformia—a group of scale- or elytra-bearing polychaetes commonly called “scale worms” (Rouse and Pleijel, 2001; Wilson et al., 2003). Polynoids are widely distributed in various shallow-water ecosystems ranging from tropical coral reefs to intertidal shores of the polar regions (Beesley et al., 2000; Barnich and Fiege, 2003). With the increasing exploration of the deep sea over the last four decades, it is now recognized that polynoids are also common inhabitants of deep-sea habitats, including chemosynthetic environments (i.e., hydrothermal vents, methane seeps, and organic falls; Van Dover et al., 1999; Ramirez-Llodra et al., 2007; Levin et al., 2016), cold water coral communities (Henry and Roberts, 2007) and seamounts (Serpetti et al., 2017). To date, 143 species of deep-sea polynoids in 65 genera have been recorded in the World Register of Marine Species database (Read and Fauchald, 2017). Despite the increased intensity of ocean exploration over the last several decades, many ocean regions (such as continental shelf, oceanic basin, seamount, deep ocean trench) remain largely uncharted, with even the relatively well-studied ocean ridge systems being 90% unexplored (Ramirez-Llodra et al., 2007). Much is still to be learnt about the species richness of deep ecosystems, where many new species await discovery, especially with regards to small-sized invertebrates.

Unlike most shallow-water polynoids, deep-sea polynoids often exhibit sexual dimorphism, with female and male individuals exhibiting constant differences in characters such as the number of nephridial papillae, the presence of flattened parapodial lamellae or compressed posterior segments (Van Dover et al., 1999; Glover et al., 2005; Desbruyères et al., 2006). Due to such sexual dimorphism being unrecognized or the authors lacked specimens of both sexes, some species were described based solely on specimens of a single sex (e.g., Branchinotogluma grasslei Pettibone, 1985a and Lepidonotopodium okinawae Sui and Li, 2017), resulting in incomplete morphological descriptions. Indeed, different names were often given to different sex morphs of the same species. For instance, the genus Opisthotrochopodus (Pettibone, 1985a) was erected for O. alvinus (Pettibone, 1985a) to accommodate deep-sea polynoids with a pair of nephridial papillae, five pairs of lamellae and compressed posterior segments, which are in fact characters of the male morph of Branchinotogluma hessleri (Pettibone, 1985a). Desbruyères et al. (2006) therefore synonymized O. alvinus (Pettibone, 1985a) with B. hessleri (Pettibone, 1985a) (although they did not explicitly state the justification). As O. alvinus (Pettibone, 1985a) is the type species of its genus, this resulted in the transfer of all species in Opisthotrochopodus (Pettibone, 1985a) to Branchinotogluma (Pettibone, 1985a) (Read and Fauchald, 2017).

Despite nearly three decades of deep-sea research in the West Pacific, little is known about deep-sea scale-worm diversity in this region (Desbruyères et al., 2006). Among the specialists of hydrothermal vents and cold seeps (i.e., those without lateral antennae), only ten species in four genera of deep-sea polynoids have been described. Among them, most species appear to have limited distribution ranges, as three species (Thermopolynoe branchiata Miura, 1994; Branchinotogluma segonzaci Miura and Desbruyères, 1995; Branchinotogluma trifurcus Miura and Desbruyères, 1995) have been reported only from the North Fiji, Lau, and Manus Back-Arc Basins; four (Branchinotogluma marianus Pettibone, 1989; Branchinotogluma burkensis Pettibone, 1989; Levensteiniella raisae Pettibone, 1989; Lepidonotopodium minutum Pettibone, 1989) from the Mariana Back-Arc Basin and one (Branchinotogluma japonica Miura and Hashimoto, 1991) from the Kaikata Seamount. L. okinawae (Sui and Li, 2017) is currently known only from the Okinawa Trough. Branchipolynoe pettiboneae Miura and Hashimoto, 1991, however, is widely distributed across the West Pacific (Miura and Hashimoto, 1991; Desbruyères et al., 2006; Sui and Li, 2017).

In deep-sea polynoids, mitochondrial molecular markers have been shown to be a promising tool in delimiting species and often led to the discovery of potential new species. For instance, Chevaldonné et al. (1998) applied two mitochondrial gene fragments (COI and 16S rRNA) to examine the genetic diversity among Branchipolynoe collected from three regions. They found a deep sequence divergence in COI (17.2–19.6% of nucleotide difference) between a Pacific species (B. symmytilida Pettibone, 1984) and an Atlantic species (B. seepensis Pettibone, 1986), indicating an ancient split of the two species. In addition, specimens of B. seepensis (Pettibone, 1986) collected from the Gulf of Mexico (the type locality of the species) and those collected from the Mid Atlantic Ridge (MAR) that was also identified as “B. seepensis (Pettibone, 1986)” based on morphology, had a smaller, but still substantial nucleotide difference (5.3%) in COI sequences, indicating that the MAR population belongs to a potential new species. Nevertheless, the sequences used in Chevaldonné et al. (1998) have not been deposited in a public sequence database. So far, only few sequences of such genetic markers are available for deep-sea scale worms.

Samples of polychaetes used in this study were collected during the R/V Natsushima cruise NT15-13 organized by Japan Agency for Marine-Earth Science and Technology (JAMSTEC) in 2015. Examination of the samples revealed two unknown species and previously undescribed sex morphs of two known species of polynoids. The aim of the present study is to describe and characterize them as two new species, as well as provide a full redescription of the two known species to include both sex morphs. To confirm the specific status of the new species and the affinity of the sex morphs, four gene fragments (COI, 16S rRNA, 18S rRNA, 28S rRNA) were amplified from selected specimens and the genetic distances between these sex morphs and species were calculated.

MATERIALS AND METHODS

Sample Collection and Morphological Observation

Samples of free-living benthic polynoids were collected from four hydrothermal vent sites in the Okinawa Trough using ROV HYPER-DOLPHIN on-board R/V Natsushima during the cruise NT15-13 led by Ken Takai (JAMSTEC) in 2015. The following localities were sampled: Sakai Field (27°31.386′N, 126°59.209′E, 1603 m in depth, dive number 1857 on July 30/27°32.89′N, 126°59.37′E, 1300 m in depth, dive number 1858 on July 31/27°31.01N, 126°58.90′E, 1550 m in depth, dive number 1860 on August 1; Miyazaki et al., 2017); Aki site, Iheya North Field (27°46.00′N, 126°54.25′E, 1083 m in depth, dive number 1859 on July 31); Iheya North Original site, Iheya North Field (27°47.47′N, 126°53.80′E, 986 m in depth, diver number 1861 on August 2; Nakamura et al., 2015). Polynoids, which are often found along with deep-sea squat lobsters, mussels, shrimps, and limpets (Supplementary Figure 1), were sampled using a suction sampler. Table 1 lists the on-board sample IDs of the samples investigated in the present study and their collecting data. Specimens were fixed and preserved in 99% ethanol. All specimens examined in the present study are deposited in the National Museum of Nature and Science, Tsukuba (NSMT), the University Museum, the University of Tokyo (UMUT), or the Natural History Museum and Institute, Chiba (CBM).


Table 1. On-board sample ID and collecting data for samples used in the present study (often with mixed species).
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Polynoid specimens were observed under a dissecting microscope (Olympus SZX9, Tokyo, Japan) and a compound microscope (Motic BA210E Elite, China), both fitted with an ocular micrometer in the eyepiece. Light micrographs were taken using a digital camera (TUCSEN TrueChrome, China) attached to the microscopes. Fine details of the chaetae and some morphological characters were observed using a LEO 1530 FE-SEM scanning electron microscope (Zeiss, Germany). Tissues for SEM were prepared according to a method described in Dunlap and Adaskaveg (1997), which uses Hexamethyldisilazane (HMDS) (Sigma-Aldrich, Missouri, USA) as the drying agent.

Barcoding and Phylogenetic Analyses

An elytron or two parapodia from selected specimens were dissected for use in DNA barcoding and phylogenetic analysis. Genomic DNA was extracted using the CTAB method (Stewart and Via, 1993). A fragment of the cytochrome oxidase I (COI) gene was amplified using the universal primer pairs HCO2198 and LCO1490 (Folmer et al., 1994). PCR reactions were carried out in a Veriti Thermal Cycler (Applied Biosystems, Massachusetts, USA) using a PCR Amplification Kit (Takara, Dalian, China) according to the manufacturer′s protocol. The PCR program was as follows: 5 min at 96°C, 45 s at 94°C, 45 s at 50°C, 60 s at 72°C (30 cycles), and 10 min at 72°C. PCR amplicons were sent to BGI (Hong Kong) for sequencing after purification using a TaKaRa MiniBEST Agarose Gel DNA Extraction Kit. The sequences obtained are deposited in NCBI GenBank.

The COI sequences obtained were aligned with available COI sequences of other deep-sea polynoid species (Branchipolynoe symmytilida Pettibone, 1984; Branchinotogluma sandersi Pettibone, 1985a; Bathykurila guaymasensis Pettibone, 1989) as well as shallow-water polynoids (Halosydna brevisetosa Kinberg, 1856; Harmothoe oculinarum Storm, 1879 and Lepidonotus squamatus Linnaeus, 1758) downloaded from GenBank. The shallow-water polynoids, which fall into separate clades in the phylogenetic tree of Polynoidae (Norlinder et al., 2012; Gonzalez et al., 2017; Zhang, 2017), served as the outgroup. Specifically, the COI sequences of Branchipolynoe longqiensis (Zhou et al., 2017), B. pettiboneae (Miura and Hashimoto, 1991) (collected from South China Sea), Levensteiniella iris (Hourdez and Desbruyères, 2003), and L. okinawae (Sui and Li, 2017) were extracted from their mitochondrial genomes (Zhang, 2017). The alignment was made using Mesquite, adopting the MUSCLE algorithm (Madison and Madison, 2011). Sequence divergence was calculated using MegAlign (https://www.dnastar.com/t-megalign.aspx). Phylogenetic analysis was conducted using Maximum Likelihood (ML) and Maximum Parsimony (MP) methods. The ML analysis was implemented in RaXML GUI1.3, with the GTR+I+G substitution model being selected as the most suitable evolutionary model using jModelTest (Darriba et al., 2012). The MP analysis was conducted using the heuristic search algorithm based on 100 random addition sequences in PAUP* V4.0 (Swofford, 2003), with Tree Bisection and Reconnection (TBR) applied to reduce the number of topologies searched. Bootstrap analysis was based on heuristic searches of 1,000 random addition replicates.

To provide more phylogenetic information, three additional genes were amplified from the two new species: 16S rRNA using primer pairs 16S arL and 16S brH (Palumbi, 1996), 18S rRNA using F19 (Turbeville et al., 1994) and R1843 (Elwood et al., 1985), 28S rRNA using F63.2 (Passamaneck et al., 2004), and D3AR (Scholin et al., 1994). A phylogenetic tree was constructed based on the concatenated dataset of the four genes using the same method described above.

RESULTS

Systematics

Genus Branchinotogluma Pettibone, 1985

Type species. Branchinotogluma hessleri Pettibone, 1985

Branchinotogluma elytropapillata sp. nov.

(Figures 1, 2)

ZooBank registration LSID
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FIGURE 1. Branchinotogluma elytropapillata sp. nov. (A,B) Paratype 1; (C,D) Holotype. E, F, I to L, Paratype 2; K, Paratype 21; M, Paratype 7; N and O, Paratype 5; P, Paratype 1. (A), dorsal view of female. (B), ventral view of female. (C), dorsal view of male. (D), ventral view of male. (E) dorsal view of anterior part. (F) ventral view of anterior part. (G) anterior view of parapodium (segment 10). (H) posterior view of parapodium (segment 10). (I,J) elytra. (K) ventral view of extended pharynx. (L) dorsal view of neuropodia show neuropodia bract (indicated by arrows). (M) ventral view of female posterior part. (N) ventral view of male posterior part. (O) the detail of posterior end of male (the same as N) from ventral side of view. (P) dorsal view of male posterior part. Scale bar: (A–D) 2 mm; (E–J,L) 1 mm; (K) 0.5 mm; (O,P) 200 μm. MA, medial antenna; AL, anterior lobe; VC, ventral cirri.
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FIGURE 2. Branchinotogluma elytropapillata sp. nov. Details of scale and chaetae. (A–M) are from Paratype 2. (N–P) are from Paratype 5. (A–C) globular and microtubular papillae on the margin of elytron. Arrows in (C) show the tiny globular papillae. (D–L) are from segment 11. (D,E) shape of branchiae, (F–I) notochaetae. (J,K) upper neurochaetae. (L,M) lower neurochaetae. (N) capillary neurochaetae from posterior end. (O,P) special chaetae from last parapodia. Scale bar: (A,B,C,F,G,L,M,N,O) 40 μm; (D) 500 μm; (H,I) 20 μm; (E,J,K) 100 μm; (H) 60 μm; (P) 10 μm.



Material examined

Twenty-five specimens (Table 2). Holotype: adult, male, 11.0 mm in length, 5.5 mm in width, 20 segments. Paratypes: 24 specimens including 14 females and 10 males, 5.0 to 12.0 mm in length and 3.0 to 7.0 mm in width, 20 segments.


Table 2. General information of specimens of Branchinotogluma elytropapillata sp. nov. used in this study.
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Description

Ethanol preserved specimens light brownish. Body short, suboval, dorsoventrally flattened (Figures 1A–D). Dorsum fully covered by 10 pairs of elytra, on segments 2, 4, 5, 7, 9, 11, 13, 15, 17, and 19. Elytra large, opaque, oval, or subreniform (Figures 1I,J) with numerous small papillae along non-overlapping margin (Figures 2A,B). Numerous tiny globular papillae on non-overlapped area of elytral surface (Figure 2C).

Prostomium deeply bilobed (Figure 1E). Anterior lobes subtriangular with short conical end. Median antenna inserted into anterior notch, with short ceratophore and subulate style as long as prostomium. Lateral antennae absent. Palps long, tapered, and smooth, approximately two times as long as prostomium. Eyes absent.

First segment achaetous, fused to prostomium, not distinct dorsally. The dorsal and ventral cirri are enlarged as long as palps (Figure 1F). Segment 2 with biramous parapodia bearing first pair of elytrophores; ventral cirri slightly shorter than those of first segment. Notopodial bract present on segment 2. Mouth located between segments 1 and 2 ventrally. Extended pharynx with four pairs of terminal papillae (two in middle larger than two lateral ones; same pattern on dorsal and ventral sides) and two pairs of arched jaws with ~20 denticles (Figure 1K).

Branchiae present from segment 3 to segment 16, arising from lateral base of elytrophores or dorsal base of notopodia (Figures 1A,G,H). Branchiae separated into 2 clusters, each arborescent with short terminal filaments (Figures 2D,E). Branchiae larger in middle region, smaller anteriorly and posteriorly (Figure 1A).

Parapodia biramous (Figures 1G,H). Dorsal cirri present on parapodia without elytra, as long as neurochaetae, smooth, with tapered end. Notopodia shorter than neuropodia, with bract clearly seen from dorsal view (Figure 1L). Neuropodia with long triangular pre-chaetal acicular lobe (Figure 1G) and shorter triangular lobe (Figure 1H). Ventral cirri thin, short, with tapered end (Figures 1G,H).

Notochaetae and neurochaetae numerous. Notochaetae thicker than neurochaetae, straight, with pairs of short lateral spines (Figures 2F–I). Neurochaetae longer than notochaetae, two kinds: one with pairs of lateral spines and straight tip (Figures 2J,K), another with longer spines and curved tip (Figures 2L,M). Long capillary neurochaetae present on segment 17 (Figure 2N).

In males, parapodia from segment 18 highly compressed and modified. Segment 18 with small notopodial acicular lobe fused to cirrophore of dorsal cirrus, with a few short, stout notochaetae on upper side; neuropodia fused to form a lamina on ventral side with ventral cirrus and small bundle of long capillary neurochaetae (Figures 1O,P). Segment 19 with very small elytrophore; notopodia with only few stout notochaetae; neuropodium fused, similar to segment 18 (Figure 1O).

Notopodial acicular lobe of segment 20 fused to cirrophore of dorsal cirrus, without notochaetae; neuropodial conical acicular lobe with slender capillary neurochaetae bearing widely-spaced long lateral spines (Figures 2O,P); without ventral cirrus. Pygidium small rounded lobe with dorsal anus medial to parapodia of segment 20, and pair of long anal cirri (Figure 1M).

Variation

The number of notochaetae for segment 2 varies from 1 to 6. Branchiae present from segment 3–16 for males, but from segment 3 to 18 for females. Males have one pair of nephridial papillae on ventral side of segments 12 and five pairs of ventral lamellae on segments 13–17 (Figure 1N). Nephridial papillae are subulate, short, as long as one segment only. Ventral lamellae are C-shaped, overlapping. Females do not bear long nephridial papillae or lamellae but have very short papillae from segment 11 to segment 15 (Figure 1M). In posterior segments, the last 3 segments in males are greatly modified and bear capillary chaetae. Posterior segments in females are not modified and they do not bear capillary chaetae.

Etymology

The specific epithet, elytropapillata, is a composite Latinized word derived from “elytra” and “papillae,” referring to the presence of papillae on the edge of elytra.

Distribution

Branchinotogluma elytropapillata sp. nov. is currently only known from the Okinawa Trough, including the Sakai Field and Aki site, Iheya North Field.

Remarks

Branchinotogluma is characterized by having 13–18 pairs of branchiae, 10 pairs of elytra, and in males a greatly modified posterior. There are eight recognized species in this genus. B. elytropapillata sp. nov. can be distinguished from all other congeneric species by the presence of rows of papillae along the edge of the elytra. Sexual dimorphism has been reported in Branchinotogluma. There are usually nephridial papillae and lamellae for males but absent for females. The patterns of nephridial papillae and lamellae for males are different among the species. Specifically, B. sandersi (Pettibone, 1985a) has four or five pairs of short nephridial papillae and three pairs of lamellae; B. hessleri (Pettibone, 1985a) has one pair of long nephridial papillae and seven pairs of lamellae; B. burkensis (Pettibone, 1989) has seven pairs of small nephridial papillae; B. marianus (Pettibone, 1989) has one pair of long nephridial papillae and six pairs of lamellae; B. segonzaci (Miura and Desbruyères, 1995), B. trifurcus (Miura and Desbruyères, 1995) and B. japonicus (Miura and Hashimoto, 1991) have one pair of nephridial papillae and five pairs of lamellae; B. tunnicliffeae (Pettibone, 1988) has four pairs of long nephridial papillae and two pairs of lamellae (Desbruyères et al., 2006). However, C-shaped lamellae present in B. elytropapillata sp. nov. and B. japonicus (Miura and Hashimoto, 1991) only. But these species differ in the shapes of pharyngeal papillae and posterior end. B. elytropapillata sp. nov. is also similar with B. segonzaci (Miura and Desbruyères, 1995), B. trifurcus (Miura and Desbruyères, 1995) in having four pairs of pharynx papillae. However, in B. segonzaci (Miura and Desbruyères, 1995) the pharynx papillae are small, and in B. elytropapillata sp. nov the dorsal cirri do not have rounded tips—a distinct taxonomic character for B. segonzaci (Miura and Desbruyères, 1995). In B. trifurcus (Miura and Desbruyères, 1995), the anterior lobes do not have frontal filaments and there are trifurcate neurochaetae on segment 20 in specimens with modified posterior segments. These two characters are different from those in B. elytropapillata sp. nov.

Branchinotogluma japonicus (Miura and Hashimoto, 1991)

(Figures 3, 4; Miura and Hashimoto, 1991: Figures 4–6).


[image: image]

FIGURE 3. Branchinotogluma japonicus. (A,B,M,O), Specimen 3; (C,D,H,I) allotype; (E–G), Specimen 1; (L) Specimen 13; (J,K,N,P) Specimen 2. (A) dorsal view of male. (B) ventral view of male. (C) dorsal view of female. (D) ventral view of female. (E) dorsal view of anterior part. (F) ventral view of anterior part. (G) elytra. (H) ventral view of extended pharynx. (I) five papillae on the lateral side of pharynx (one side). (J) anterior view of parapodium (segment 10). (K) posterior view of parapodium (segment 10). (L–N), ventral view of posterior part of males. (O) dorsal view of (M). (P) dorsal view of N. Scale bar: (A–D) 1 mm; (E,F,G,L,M,N) 1 mm; (H–K), (O,P) 0.5 mm.




[image: image]

FIGURE 4. Branchinotogluma japonicus. Details of scale and chaetae. (A–L) are from Specimen 1; (M,N) is from Specimen 5. (A,B) elytral surface. (C,D) branchiae on segment 11. (E–G) notochaetae and the details of tips. H and I, upper neurochaetae and the details of the tips. J and K, lower neurochaetae. (L,M) special chaetae from last parapodia. (C–K) are all from right segment 11 parapodium. Scale bar: (A,B,H,J,K,L,M) 20 μm; (C) 500 μm; (D) 100 μm; (E,F,I) 30 μm; (G) 10 μm.



Material examined

21 specimens (including 4 juveniles; Table 3). Allotype (designated in this study): female, 8.5 mm in length, 6.5 mm in width, 21 segments. Non-type specimens: 10 males and 6 females, 4.5 to 11.0 mm in length and 3.0 to 8.5 mm in width, 15 to 21 segments. Smaller individuals (2.5 to 6.0 mm in length, 1.5 to 3.5 mm in width), considered juveniles, have fewer segments (15 to 18).


Table 3. General information of examined specimens of Branchinotogluma japonicus.
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Description

Ethanol preserved specimens light brownish. Body short, oval, dorsoventrally flattened (Figures 3A–D). Dorsum covered by 10 pairs of elytra, on segments 2, 4, 5, 7, 9, 11, 13, 15, 17, 19 (Figures 3A,C). Elytra very large, soft, and overlapping, oval to subreniform with branched veins (Figure 3G). At higher magnification, irregular squares and pentagons present on surface of non-overlapping region (Figures 4A,B).

Prostomium bilobed (Figure 3E). Anterior lobes subtriangular with frontal filament. Median antenna inserted into anterior notch with short cylindrical ceratophore, and subulate style longer than prostomium. Lateral antennae absent. Palps thick, tapered and smooth, approximately three times as long as prostomium. Eyes absent.

First segment achaetous, fused to prostomium, not distinct dorsally (Figure 3F). The dorsal and ventral cirri are enlarged as long as palps. Mouth located between segments 1 and 2 ventrally. Extended pharynx with two pairs of dorsal and ventral arched soft jaws without teeth (Figure 3H), and five pairs of lateral tapered papillae (Figure 3I).

Parapodia from segment 2 to segment 17 biramous (Figures 3J,K). Dorsal cirri present on parapodia without elytra, as long as neurochaetae, smooth, with tapered end.

Notopodium shorter than neuropodia. Neuropodium triangular with longer conical pre-chaetal acicular lobe (Figure 3J) and shorter post-chaetal lobe with rounded tip (Figure 3K). Ventral cirri thin, as long as neuropodial post-chaetal lobe, with tapered end (Figures 3J,K).

Branchiae present from segment 3 to segment 16, arising from lateral base of elytrophores or dorsal base of notopodia (Figures 4C,D). Branchiae separated into 2 clusters, each arborescent with short terminal filaments. Branchiae larger in middle region, smaller anteriorly and posteriorly. Branchiae reduced to two or three terminal globular papillae on segment 18 and disappeared on segment 19 (Figure 3P).

Notochaetae and neurochaetae numerous. Notochaetae thicker than neurochaetae, with rows of fine spines arranged perpendicularly to growth axis on one side (Figures 4E–G). Neurochaetae on average thinner and longer than notochaetae, two kinds: one with pairs of long lateral spines and pointed tip (Figures 4H,I); another with pasta server-like inflated end (Figures 4J,K). Capillary neurochaetae present from segment 17.

In males, parapodia from segment 18 slightly compressed and much smaller (Figures 3L,P). Segment 18 with small notopodial acicular lobe with a few short stout notochaetae on upper side; neuropodium with some long capillary neurochaetae and ventral cirrus. Segment 19 biramous; elytrophore and ventral cirri small; notopodia with few stout notochaetae; neuropodium with spinous neurochaetae and capillary chaetae. Segment 20 sub-biramous with notopodial acicular lobe fused to cirrophore of dorsal cirrus, without notochaetae; neuropodial conical acicular lobe with few short capillary chaetae; ventral cirri tapered, similar length to dorsal cirri. Segment 21 subbiramous similar to segment 20; neuropodium small, with short conical acicular lobe with few long modified chaetae (Figures 4L,M). Pygidium small, with pair of tapered anal cirri (Figure 3M).

Variation

Males have a pair of prominent nephridial papillae on ventral side of segment 12 and five pairs of ventral lamellae on segments 13–17 (Figures 3L–N). Nephridial papillae are ampullar, constricted subterminally, or digitiform; approximately as long as two segments (Figures 3L–N). Ventral lamellae are wedge-shaped. Female specimens do not have ventral papillae or lamellae. While in most male specimens, posterior parapodia are compressed (Figure 3M). In two of the males, posterior segments are elongated (Figure 3N). In smaller male specimens, ventral papillae are thinner and ventral lamellae are smaller (Figure 3L), not as distinct as in adults. Branchiae are present from segment 3 to segment 18 for females, but missing from segment 17 for males. There are capillary chaetae on several posterior segments (from segment 17). For juveniles, there are fewer elytra (seven pairs).

Distribution

Branchinotogluma japonicus has been reported from the Okinawa Trough and Kaikata seamount in the West Pacific.

Remarks

In the original description of B. japonicus based on two male specimens, Miura and Hashimoto (1991) considered its large elytra, one pair of elongate nephridial papillae on segment 12 and 5 or 6 pairs of short lamellae on the following segments, and compressed posterior segments to be distinguishing characters for this species. Here, we provide supplementary information on the morphology of this species. First, the females do not bear nephridial papillae, which is a common trait shared by several species of Branchinotogluma (Desbruyères et al., 2006). Second, instead of having compressed posterior segments, some male specimens have elongated posterior segments and the last parapodia (i.e., segment 21) do not bear modified chaetae. Third, there is variation in the shape of nephridial papillae and lamellae for males: in most of them (8 out of 10), nephridial papillae have a tapered end and the lamellae are thin, with a rounded edge; in other males, ventral papillae are ampulla shaped with constriction subterminally, and the papillae are fleshy with a straight edge. Fourth, males and females differ in segments bearing branchiae: males do not bear branchiae from segment 17, whereas females bear branchiae until segment 18. Fifth, the extended pharynx of this species has two pairs of arched soft jaws without teeth and five pairs of tapered papillae. Overall, B. japonicus is characterized by its large elytra, prominent ventral papillae on segment 12 and lamellae on several following segments in males, and a special pharynx with small lateral papillae instead of terminal ones.

Genus Levensteiniella Pettibone, 1985

Type species. Levensteiniella kincaidi Pettibone, 1985

Levensteiniella undomarginata sp. nov.

(Figures 5,6)

ZooBank registration LSID.

urn:lsid:zoobank.org:act:21702740-DFB1-496D-BF6B-BBA018B24AE4
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FIGURE 5. Levensteiniella undomarginata sp. nov. (A,B) specimen: Holotype; (C,D) Paratype 1; (E–G,J–N) Paratype 5; (H,I) Paratype 2. (A) dorsal view of male. (B) ventral view of male. (C) dorsal view of female. (D) ventral view of female. (E) dorsal view of anterior part. (F) ventral view of anterior part. (G) elytra. (H) dorsal view of anterior part. (I) ventral view of anterior part. (J) ventral view of pharynx (cut open) showing some of the terminal papillae (outlined with a black line). (K) dorsal view of pharynx (cut open) showing two pairs of jaws (outlined with a white line). (L) ventral view of segment 11, 12 (male). (M) anterior view of parapodium (segment 11). (N) posterior view of parapodium (segment 11). Scale bar: (A,B,G–I,L–N) 1 mm; (C,D) 2 mm; (E,F,J,K) 0.5 mm.
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FIGURE 6. Levensteiniella undomarginata sp. nov. Details of scale and chaetae. All the materials are from Paratype 5. (A–C) micropapillae on the elytral surface. Arrows in (C) show micropapillae along the edge. (D,E), shorter notochaetae on the dorsal side. (F,G) longer notochaetae in the middle. (H,I) notochaetae from the lower ventral side. (J,K) upper neurochaetae. (L,M) lower neurochaetae. D to M are all from right segment 11 parapodium. Scale bar: (A) 250 μm; (B) 80 μm; (C) 60 μm; (D,E,J,K) 30 μm; (F,H,I) 20 μm; (G,L,M) 10 μm.



Material examined

Six specimens (Table 4). Holotype: male, 9.0 mm in length, 5.0 mm in width, 23 segments. Paratypes: one male, 9.0 mm in length and 5 mm in width including chaetae, 23 segments; one female 10.0 mm in length and 5.0 to 5.5 mm in width including chaetae, 24 segments. Three juveniles 3.0 to 5.5 mm long for 18 segments with fewer elytra (8 or 9 pairs), 1.5 to 3.0 mm wide including chaetae.


Table 4. General information of examined specimens of Levensteiniella undomarginata sp. nov.
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Description

Ethanol preserved specimens light brownish. Body short, oval, dorsoventrally flattened (Figures 5A–D). Adults with 11 pairs elytra, located on segments 2, 4, 5, 7, 9, 11, 13, 15, 17, 19, and 21 (Figures 5A,C). Elytra opaque, oval to subreniform, with thicker and wave-shaped posterior edge (Figure 5G); irregularly-spaced macrotubercles present on border of non-overlapping area (Figures 5G, 6A). At higher magnification, globular micropapillae and rod-shaped microtubercles present on elytral surface (Figures 6A–C) and micropapillae located on margin of elytron (Figure 6C).

Prostomium bilobed (Figures 5E,H). Anterior lobes prominent, triangular with frontal terminal filament. Median antenna inserted into anterior notch, with short ceratophore, and subulate style approximately half length of prostomium (Figures 5E,H). Lateral antennae absent. Palps thick, slightly subulate, more than twice as long as prostomium (Figure 5F). Eyes absent.

First segment achaetous, fused to prostomium, not distinct dorsally. The dorsal and ventral cirri are enlarged, as long as palps (Figure 5F).

Mouth ventral, located between segments 1 and 2. Pharynx dark purplish, located between segments 2 and 9 when not extended. Extended pharynx with seven pairs of terminal papillae forming circle, middle one smaller than side ones (Figures 5J,K). Two pairs of hooked jaws without teeth, located dorsally, and ventrally inside pharynx (Figure 5K).

Parapodia biramous (Figures 5M,N). On parapodia without elytra, dorsal cirri present, shorter than neurochaetae, smooth, with tapered end. Notopodia shorter than and located anterodorsally of neuropodia, with post-chaetal triangular acicular lobe hidden by numerous notochaetae from frontal view. Neuropodia with long triangular pre-chaetal acicular lobe, and shorter triangular post-chaetal lobe. Ventral cirri present on base of neuropodia, very thin, short, with tapered end (Figures 5B,D,M,N).

Notochaetae and neurochaetae numerous (Figures 5M,N). Notochaetae arranged in two fan-shaped bundles, one bundle with shorter chaetae bending frontally and another with longer chaetae pointing to the side. Notochaetae two kinds: one short and thick, bent with blunt end, with pocket-like serration along one edge (Figures 6D–G); another long and thin, with two long rows of paired spines near tip (Figures 6H,I). Neurochaetae thinner and longer than notochaetae, arranged in fan-shaped bundle. Neurochaetae in upper position with straight tip, and paired spines along sides (Figures 6J,K); those in lower position with slightly hooked tip and minute serration on one side (Figures 6L,M).

Pygidium small, with anus located dorsally, and pair of long anal cirri as long as the last parapodia.

Variation

Males have two pairs of ventral nephridial papillae on segments 11 and 12, subulate, approximately as long as three segments (Figures 6B,L). Females do not have nephridial papillae. Most of elytra have been detached from the body in the ethanol preserved specimens. Some specimens with dark brownish pigment on prostomium and ventral side, as well as dorsal and ventral cirri. Other specimens without distinct pigmentation. Anal cirri are usually missing.

Etymology

The specific epithet, undomarginata, is a composite word derived from the Latin words undo, meaning wave-formed, and margino, meaning edge.

Distribution

Levensteiniella undomarginata sp. nov. is currently known from Aki site, Iheya North Field and Sakai Field in the Okinawa Trough only.

Remarks

The genus Levensteiniella is characterized by having neither branchiae nor notopodial bract, and having 11 pairs of elytra. Of the five recognized species in Levensteiniella, three [L. intermedia (Pettibone, 1990), L. kincaidi (Pettibone, 1985b), L. plicata (Hourdez and Desbruyères, 2000)] are from the East Pacific, one from the Mariana Trough (L. raisae Pettibone, 1989) and one from the Mid-Atlantic Ridge (L. iris Hourdez and Desbruyères, 2003). Although L. undomarginata sp. nov., L. intermedia (Pettibone, 1990) and L. iris (Hourdez and Desbruyères, 2003) are similar in having wave-shaped elytra, their males differ in the number of nephridial papillae. Both L. intermedia and L. iris (Hourdez and Desbruyères, 2003) have one pair of nephridial papillae only, but L. undomarginata sp. nov. has two pairs. Among the congeners whose chaetae have been examined using SEM (i.e., Paratype 5), L. undomarginata sp. nov. is unique in having a special type of notochaetae with pocket-like serration along the edge. In addition, the elytra of L. undomarginata sp. nov. have micro- and macro tubercles and bulbous papillae on the surface and posterior border and they are much larger and more distinct than those in L. raisae (Pettibone, 1989) and L. plicata (Hourdez and Desbruyères, 2000). Moreover, L. undomarginata sp. nov. has fewer segments (23–24) than L. raisae (Pettibone, 1989) (27). The lengths of ventral papillae are different: they reach the middle of neurochaetae in L. undomarginata sp. nov., but they are longer than neurochaetae in L. kincaidi (Pettibone, 1985b), and shorter than neuropodia in L. raisae (Pettibone, 1989).

Genus Lepidonotopodium (Pettibone, 1983)

Type species. Lepidonotopodium fimbriatum (Pettibone, 1983)

Lepidonotopodium okinawae (Sui and Li, 2017)

(Figures 7, 8; Sui and Li, 2017: Figures 4–6).


[image: image]

FIGURE 7. Lepidonotopodium okinawae. (A,B,E,F,G) Specimen 5; (C,D) Allotype; (H) Specimen 6; (J,K) Specimen 10; (I,L,M) Specimen 1. (A) dorsal view of female. (B) ventral view of female. (C) dorsal view of male. (D) ventral view of male. (E) dorsal view of anterior part. (F) first elytra. (G) second elytra. (H) top view of extended pharynx. (I) ventral view of segments 11–13 (male). (J) anterior view of parapodium (segment 9). The arrow indicates the membrane-like edge. (K) posterior view of parapodium (segment 9). The arrow indicates the tubular attachment on the dorsal base of neuropodia. (L) dorsal view of posterior part. (M) ventral view of posterior part. Scale bar: (A–D) 2 mm; (E) 1 mm; (F,G,I,J,K,L,M) 0.5 mm; (H) 0.25 mm.
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FIGURE 8. Lepidonotopodium okinawae. Details of scale (A–C, from Specimen 3) and chaetae (D–H, from Specimen 10). (A–C) foveolae and micropapillae on the elytral surface. (D–E) shorter notochaetae from the dorsal side. (F) lower longer notochaetae. (G–J) neurochaetae. (D–J) are all from 10th right parapodium. Scale bar: (A) 0.5 mm; (B) 80 μm; (E) 40 μm; (F,H) 10 μm; (D,E,G,I,J) 20 μm.



Material examined

Twelve specimens (Table 5). Allotype (designated in this study): male, 10.5 mm in length, 7.0 mm in width including chaetae, 23 segments. Non-type specimens: 4 males and 7 females, 9.0 to 14.0 mm in length and 6.0 to 10.0 mm in width, 23 to 25 segments.


Table 5. Specimens of Lepidonotopodium okinawae used in this study.
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Description

Ethanol preserved specimens light brownish. Body short, oval, dorsoventrally flattened (Figures 7A–D). Dorsum fully covered by 11 pairs of elytra, on segments 2, 4, 5, 7, 9, 11, 13, 15, 17, 19, and 21. Elytra large, whitish, opaque, oval or subreniform (Figures 7F,G), with numerous small pits in non-overlapping area (Figure 8A). At higher magnifications, a globular micropapilla present in each pit (Figures 8B,C).

Prostomium bilobed (Figure 7E). Anterior lobes subtriangular, each with short frontal filament. Median antenna inserted into anterior notch, with short ceratophore and subulate style slightly longer than prostomium. Lateral antennae absent. Palps thick, slightly subulate, more than twice as long as prostomium. Eyes absent.

Mouth located between segments 1 and 2 ventrally. Extended pharynx with seven pairs of terminal papillae (Figure 7H). Median papillae larger than lateral papillae (Figure 7H). Two pairs of hooked jaws without teeth, located dorsally and ventrally inside pharynx (Figure 7H).

First segment achaetous, fused to prostomium, not distinct dorsally. The dorsal and ventral cirri are enlarged, as long as palps (Figure 7E). Mouth located between segments 1 and 2 ventrally. Extended pharynx with seven pairs of terminal soft papillae, and two pairs of jaws (Figure 7H).

Parapodia biramous (Figures 7J,K). Dorsal cirri present on parapodia without elytra; as long as neurochaetae, smooth, with tapered end. Notopodia shorter than and located anterodorsally of neuropodia. Notopodia with projecting post-chaetal acicular lobe (Figures 7K) hidden anteriorly by numerous notochaetae and enclosed anteriorly and dorsally by flaring bract (Figure 7J). Neuropodia dorsally separated into two lobes by neurochaetae, pre-chaetal lobe acicular lobe long, triangular, post-chaetal lobe with short digit projecting outward from notch between notopodia and neuropodia, and wider lower ligule with membrane-like edge (Figure 7K); cleft present ventrally (Figures 7K). Ventral cirri short, tapered, attached near base of neuropodia.

Notochaetae and neurochaetae numerous. Notochaetae stout, forming radiating bundle, each with fine spinous rows on one side (Figures 8D–F). Neurochaetae thinner and longer than notochaetae, forming fan-shaped bundle, with two rows of paired spines distributed along one edge sub-terminally, tip slightly curved (Figures 8G–J).

Pygidium small, with anus located dorsally (Figure 7L), and pair of ventral cirri approximately as long as three segments (Figure 7M).

Variation

Male specimens are consistent in having three pairs of nephridial papillae on segments 11–13. They are subulate, each papilla approximately as long as three segments (Figures 7D,I). Females do not have ventral papillae.

Distribution

L. okinawae is known only from the Okinawa Trough.

Remarks

Lepidonotopodium is morphologically similar with Levensteiniella in having 11 pairs of elytra but it has notopodial bract. The original description of L. okinawae (Sui and Li, 2017) was based on six specimens collected on 20 May 2014 from the Okinawa Trough (27°33.06928′N, 126°58.13082′E, 1361 m), only 3.5 km from Sakai Field—one of our sampling sites. As their specimens were all females, no information about the ventral papillae was included in the original species description. Our comparison of this new species with its congeners indicates that having three pairs of nephridial papillae is a distinguishing character for the males of L. okinawae (Sui and Li, 2017): L. fimbriatum (Pettibone, 1983) and L. riftense (Pettibone, 1984) have two pairs, L. williamsae (Pettibone, 1984) and L. atalantae (Desbruyères and Hourdez, 2000a) have four pairs, and L. piscesae (Pettibone, 1988) and L. jouinae (Desbruyères and Hourdez, 2000b) have five pairs. Of the other two characters considered to be distinct in L. okinawae by Sui and Li (2017), the number of segments vary depending on the size of the adult, thus may not be a reliable character for use in species delimitation, as our specimens have slightly more segments (23–25) than those used in the originally description (23–24). The special feature on the surface of elytra (i.e., small pits on elytral surface with a papilla inside each pit) is indeed unique among all described species in this genus.

Key to Deep-Sea Polynoids Without Lateral Antennae From the West Pacific

1. With branchiae……………………………………………2

Without branchiae………………………….…………….3

2. With 11 pairs of elytra….……….Thermopolynoe branchiata

With 10 pairs of elytra……….……….………………….4

3. With notopodial bract…………….………………………7

Without notopodial bract.……….……………….……….8

4. Anterior lobes without frontal filaments……….………….5

Anterior lobes with frontal filaments……….…………….6

5. Anterior lobes rounded………Branchipolynoe pettiboneae

Anterior lobes prominent………Branchinotogluma segonzaci

6. Dorsal cirri with rounded tips…….Branchinotogluma trifurcus

Dorsal cirri with tapered tips….….………….…………….9

7. Elytra with numerous pits…………….Lepidonotopodium okinawae

Elytra with scattered micropapillae……Lepidonotopodium minutum

8. 23 to 24 segments ……………….………. Levensteiniella undomarginata sp. nov

27 segments …….……………………Levensteiniella raisae

9. Elytral edge with rows of papillae……. Branchinotogluma elytropapillata sp. nov.

Elytra edge smooth …………………….……………….10

10. Pharynx with terminal papillae………….……………….11

Pharynx without terminal papillae but with five pairs of lateral papillae………………….…………….…Branchinotogluma japonicus

11. Jaws with numerous denticles (about 50)……………. Branchinotogluma burkensis

Jaws without denticles……………………Branchinotogluma marianus.

Molecular Analysis

A fragment of the mitochondrial cytochrome c oxidase I (COI) gene, ~680 bp long, was successfully amplified and sequenced from at least one male and one female of L. okinawae, B. japonicus, B. elytropapillata sp. nov. and one male of L. undomarginata sp. nov. After removing the low-quality sites at the two ends, sequences around 620 bp long were used for the phylogeny and comparison of sequence divergence. For those species with both male and female sequences, the individuals were clustered by species, rather than by the presence or absence of nephridial papillae or ventral lamellae in both ML and MP trees (Figure 9). For those species with at least two sequences, the intra-specific divergence is very low (0–4.2%), when compared with inter-specific divergence that exhibits a clear barcoding gap within the same genus (14.8% for Branchinotogluma, 20.3% for Lepidonotopodium). These results thus indicate that the COI gene is a suitable barcoding gene for deep-sea polynoids as it can be used to confirm the sexual dimorphism, as well as to distinguish different species. In addition, for species with variation in morphological details within the same sex (i.e., males of B. japonicus with either compressed or elongate posterior end), COI can be used to confirm the species identity (sequence divergence from 0 to 3.3%). The phylogenetic analysis using the concatenated genes (COI, 16S, 18S, 28S) showed that the 13 deep-sea species in eight genera form a well-supported clade (Supplementary Figure 2). The six species of branchiae-bearing deep-sea polynoids, including B. elytropapillata sp. nov. and B. japonicus, formed a well-supported clade. L. undomarginata sp. nov. is sister species to L. iris.
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FIGURE 9. Phylogenetic tree constructed using COI sequences. Numbers above branches represent ML/MP bootstrap values with 100 as the highest value. M, male; F, female. Species we sequenced were marked as blue. The subfamilies are shown on the right. Accession numbers: Harmothoe oculinarum, AY894314; Halosydna brevisetosa, AY894313; Lepidonotus squamatus, AY894316; Bathykurila guaymasensis, DQ074766; Branchinotogluma sandersi, JN852923; Branchipolynoe symmytilida, AY646021; Levensteiniella iris, KY753827; Branchipolynoe longqiensis, KY753826; Branchipolynoe pettiboneae, KY753825 (South China Sea), MG799393 (Okinawa Trough); Branchinotogluma elytropapillata sp. nov., MG799386 (F1, Paraytpe 1), MG799387 (F2, Paratype 2), MG799388 (M, Paratype 21), MG799389 (F3, Paratype 23); Branchinotogluma japonicus, KY753824 (F1, Specimen 1), MG799390 (M1, Specimen 2), MG799391 (M2, Specimen 3), MG799392 (F2, Specimen 18); Levensteiniella undomarginata sp. nov., MG799385 (M, Paratype 5); Lepidonotopodium okinawae, MG799382 (M, Specimen 1), MG799383 (F1, Specimen 2), MG799384 (F2, Specimen 11).



DISCUSSION

The deep-sea polynoid fauna in the chemosynthesis-based ecosystems of the West Pacific is poorly known. Only 10 species that belong to a monophyletic clade containing five exclusively deep-sea genera have been reported from this region. Our study has increased the recognized species in this clade of polynoids from 10 to 12, and provided complete redescriptions of two species with only one previously known sex morph.

Using molecular tools, we confirmed for the first time that sexual dimorphism is common in polynoids inhabiting hydrothermal vents. Sexual dimorphism has been recognized in several vent dwelling polynoids (Van Dover et al., 1999; Jollivet et al., 2000; Glover et al., 2005): females of Branchipolynoe seepensis (Pettibone, 1986) have two pairs of nephridial papillae but males have one pair only; males of Branchinotogluma spp. have nephridial papillae, ventral lamellae and modified posterior end, and females lack papillae; males of B. guaymasensis (Pettibone, 1989) have one pair of ventral papillae but females have no nephridial papillae; males of Levensteiniella spp. have one or two pairs of long nephridial papillae; Lepidonotopodium spp. and T. branchiata have one pair to five pairs of nephridial papillae and females lack papillae. Nevertheless, although it is now generally accepted that many deep-sea polynoids from hydrothermal vents and cold seeps exhibit sexual dimorphism (Desbruyères et al., 2006), Branchipolynoe pettiboneae, (Miura and Hashimoto, 1991) does not seem to exhibit sexual dimorphism, indicating empirical observation from more species is needed before we can generalize about the pattern of sexual dimorphism in this clade of polynoids.

Although several previous studies have pointed out sexual dimorphism in deep-sea polynoids, no assessment of the nucleotide sequence divergence between the presumably sex morphs of the same species has been conducted. Our study showed that COI can be used to confirm sexual dimorphism in this group of polynoids, and to infer their phylogenetic relationship. Nevertheless, due to the limited information of partial COI (only ~620 bp), the bootstrap values in several nodes of the phylogenetic trees are low. The bootstrap values are much higher for the phylogenetic tree based on concatenated dataset, indicating the multi-gene approach, like those used in Norlinder et al. (2012), Gonzalez et al. (2017), and Zhang (2017), should be employed in the future to better resolve the phylogenetic relationships of deep-sea polynoids when better taxon sampling becomes available.

It should be noted that our study was conducted based on a limited sampling scheme (i.e., four hydrothermal sites within a radius of 50 km in the Okinawa Trough) during a single research cruise. More intensive and systematic sampling should provide specimens for a better understanding of the true diversity of polynoids in the study area. The combined morphology and molecular approach used in our study can be applied to understand the diversity of this group of deep-sea polychaetes that are often common members of the benthic fauna of hydrothermal vents (Tunnicliffe, 1992; Van Dover et al., 1999; Levin et al., 2016) in other unexplored areas of the deep sea.
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Supplementary Figure 1. In situ photographs of polynoid individuals (marked by red circles) and their associated fauna in the Sakai Field of the Okinawa Trough. (A) With the mussel Bathymodiolus platifrons Hashimoto and Okutani, 1994, the snail Provanna subglabra Sasaki et al., 2016, limpet-form gastropods Lepetodrilus nux (Okutani et al., 1993) and Bathyacmaea sp., shrimps Alvinocaris longirostris Kikuchi and Ohta, 1995 and Lebbeus shinkaiae Komai et al., 2012, the squat lobster Shinkaia crosnieri Baba and Williams, 1998, the barnacle Neoverruca intermedia Sha and Ren, 2015, and the tubeworm Alaysia sp. (27°32.89′N, 126°59.37′E, 1300 m in depth); B: With L. nux limpets, A. longirostris shrimps, S. crosnieri squat lobsters, and N. intermedia barnacles (27°31.01N, 126°58.90′E, 1550 m in depth).

Supplementary Figure 2. Phylogenetic tree constructed using the concatenated sequences of four genes (COI, 16S, 18S, and 28S) by the ML and MP methods. Numbers above branches represent ML/MP bootstrap values with 100 as the highest value. The sequences of the two new species were generated in this study. The sequences of Branchinotogluma japonicus and Lepidonotopodium okinawae are from Zhang (2017). The sequences of the other species are from Gonzalez et al. (2017).
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Allotype NSMT-Pol 113239 1859 BC3-02 85 65 21 F; extended pharynx
Specimen 1 NSMT-Pol 113240 1858 BC4-11 20 50 21 F; usedin Zhang, 2017
Specimen 2 NSMT-Pol 113241 1858 BC3-08 1.0 6.0 21 M; elongated posterior; COI (MG799390)
Specimend  NSMT-Pol 113242 1858 BC3-08 105 70 21 M; COI (MG799391)
Specimen 4 NSMT-Pol 113243 1859 BC2-02 75 55 21 M
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Specimen7  UMUT RW82746 1858 BC3-08 60 35 18 juvenile
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Alotype NSMT-Pol 113246 1860 BC4-03 105 70 23 ™M
Specimen 1 NSMT-Pol 113247 1860 BC4-03 95 75 24 M; COI (MG799382)
Specimen 2 NSMT-Pol 113248 1858 BC3-08. 120 85 24 F; COI (MGT799383)

Specimen 3 NSMT-Pol 113249 1858 BC3-08. 140 75 24 F

Specimen 4 UMUT RW32755 1858 BC3-03 95 7.0 24 M

Specimen 5 UMUT RW32756 1859 BC3-02 90 60 23 F; Extended pharynx
Specimen 6 UMUT RW32757 1860 BC4-03 125 100 25 F; Extended pharynx
Specimen 7 UMUT RW32758 1858 BC3-08. 105 70 24 F

Specimen 8 CBM-ZW 1119 1859 BC3-02 10 65 23 M

Specimen 9 CBM-ZW 1120 1858 BC3-08. 15 65 24 M

Specimen 10 CBM-ZW 1121 1858 BC4-16 10 95 23 F

Specimen 11 CBM-ZW 1122 1861 BC4-01 10 80 24 F; COI (MG799384)

Unit of length and width: mm. F, female; M, male. GenBank accession numbers are shown in remarks column when available.





OPS/images/fmars-05-00112-t002.jpg
Specimen

Holotype
Paratype 1

Paratype 2

Paratype 3
Paratype 4
Paratype 5
Paratype 6
Paratype 7
Paratype 8
Paratype 9
Paratype 10
Paratype 11
Paratype 12
Paratype 18
Paratype 14
Paratype 15
Paratype 16
Paratype 17
Paratype 18
Paratype 19
Paratype 20

Paratype 21

Paratype 22

Paratype 23

Unit of body length and width: mm. F: female;

Museum catalog no.

NSMT-Pol H-666.
NSMT-Pol P-667

NSMT-Pol P-668

NSMT-Pol P-669
NSMT-Pol P-670
NSMT-Pol P-671
NSMT-Pol P-672
NSMT-Pol P-673
UMUT RW32738
UMUT RW32739
UMUT RW32740
UMUT RW32741
UMUT RW32742
UMUT RW32743
UMUT RW32744
UMUT RW32745
CBM-ZW 1102

CBM-2W 1103

CBM-ZW 1104

CBM-2W 1105

CBM-ZW 1106

CBM-ZW 1107

CBM-ZW 1108

CBM-ZW 1109

On-board sample ID

1859 BC1-05
1857 BC1-03

1858 BC1-06

1857 BC1-03
1858 BC1-06
1859 BC4-03-01
1859 BC4-03-01
1858 BC3-08
1858 BC3-08
1858 BC3-08
1868 BC4-11
1859 BC2-02
1859 BC4-03-01
1859 BC4-03-01
1859 BC4-03-01
1859 BC4-03-01
1859 BC4-03-01
1859 BC4-03-01
1859 BC4-03-01
1859 BC4-03-01
1860 BB1-02

1860 BB1-02

1859 BC1-05

1859 BC4-09

Body length

1.0
1.0

155

50
60
9.0
70
1.0
70
50
100
100
55
95
105
80
120
100
9.0
50
120

100

85

80

Body width

55
7.0

70

35
35
55

0.45
65
a9
35
65
65
35
6.0
55
45
60
55
50
30
7.0

65

50

40

male. GenBank accession numbers are shown in remarks column when available.

No. of segments.

20
20

20

20
20
20
20
20
20
20

20

20

20

20

20
20

20

17

20

Remarks

M
F; col
(MG799386)

F; COl
(MG799387), 168
(MG799377), 185
(MG799378), 285
(MG799380)

E

zmmmzzznmz oz z

F
F; Pharynx
extended

M; col
(MG799388)

M; Posterior end
missing

F;col
(MG799389)





OPS/images/fmars-05-00112-t001.jpg
On-board Sample ID Sampling site Latitude Longitude Depth (m) Sampling date

1857 BC1-03 Sakai Field 27°31.386'N 126°59.209'E 1603 30/07/2015
1858 BC1-06 Sakai Field 27°32.863N 126°59.364'E 1286 31/07/2015
1858 BC3-03 Sakai Field 27°32.886'N 126°59.371'E 1300 31/07/2015
1858 BC3-08 Sakai Field 27°32.886'N 126°59.371E 1300 31/07/2015
1858 BC4-11 Sakai Field 27°32.886'N 126°59.371E 1300 31/07/2015
1858 BC4-16 Sakai Field 27°32.886'N 126°59.371E 1300 31/07/2015
1859 BC1-05. it 27°46.007'N 126°54.188'E 1095 31/07/2015
1859 BC2-02 27°45.992'N 126°54.248'E 1083 31/07/2015
1859 BC4-08-01 27°45.992'N 126°54.248'E 1083 31/07/2015
1859 BC4-09 27°45.992'N 126°54.248'E 1083 31/07/2015
1860 BB1-02 27°30.842'N 126°68.798'E 1559 01/08/2015
1860 BC2-04 Sakai Field 27°31.025'N 126°58.866'E 1565 01/08/2015
1860 BC4-03 Sakai Field 27°31.010N 126°58.903'E 1550 01/08/2015

1861 BC4-01 Iheya North Original site 27°47.466'N 126°53.801E 986 02/08/2015
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